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for solving Diophantine equations). 
After a perceptive introduction by the general editor, P. S. 
Alexandrov, Hilbert’s address is reproduced, and then there are 
the obvious 23 chapters. Because of duplicate authorship, only 
17 authors are represented. As might be expected, there is 
some unevenness. The contribution by the late A. Gelfond on the 
seventh problem (the transcendence of ab for a and b algebraic) 
is especially welcome. On the other hand, Chapter 21, on mono- 
dromy groups, is the introduction to a 1957 paper by H. Rbhrl, 
which thus reverts to its original German. Chapter 22, on 
uniformization, written by B. V. Shabat, is an entirely inadequate 
half-page. 
To conclude this review I add a bibliographical note. Chapter 
4 (the classification of geometries in which straight lines 
furnish the shortest distance between two points) is by I. M. 
Yaglom, and in closing his account he mentions the paper by 
Busemann on the fourth problem that appeared in the 1966 Uspekhi 
mat. nauk. I have learned from Busemann that his writeup was 
prepared in connection with earlier plans for a Russian book on 
Hilbert’s problems. 
A CONCISE HISTORY OF SCIENCE IN INDIA. Edited by D. M. Bose, 
S. N. Sen, and B. V. Subbarayappa. New Delhi (Indian 
National Science Academy), 1971. 689 pp. 
REVIEWED BY ALEXANDER VOWDARSKY 
INSTITUTE OF THE HISTORY OF SCIENCE AND TECHNOLOGY, MOSCOW 
There is abundant evidence that the history of Indian science, 
particularly the history of mathematics, has received during 
recent years increasingly favourable attention. Firstly, classi- 
cal works of ancient and medieval Indian writers were published: 
thus a recent decade saw the publication of works by Brahmagupta, 
BhBskara I, Sridhara, Narayana, Nilakantha, Paramesvara and other 
authors. Secondly, some Sanscrit treatises were translated into 
contemporary languages. Thirdly; new books, monographs, and 
reviews of the history of Indian science made their appearance. 
This is but natural since India, along with Assyria, Babylon, 
and Egypt, was one of the earliest seats of culture. As far 
back as 3000 B.C., there existed a developed Indus civilization. 
The study of excavations of ancient settlements of Mohenjo-Daro 
and Harappa indicates that even at that remote time there was 
some mathematical and scientific knowledge, and those peoples 
knew the fundamentals of construction, metallurgy, shipbuilding 
and navigation. India’s part was very significant not only 
because it contributed many spectacular discoveries to world 
science, but also because it was an important link connecting 
HMl Reviews 209 
the ancient science of Egypt, Babylon, and Greece with the science 
of medieval Europe. 
During the past few years not a few works on the history of 
Indian mathematics have been published in Russian. I mention 
only some of them. The History of Mathematics in the Middle 
Ages (Moscow, 1961), by A. P. Yushkevich, has a second chapter 
on the history of.mathematics in India. E. Ya. Bakhmutskaya 
published her articles on the works of the South Indian mathe- 
maticians of the 15th to 18th centuries in Istoriko-matematicheskie 
issledovaniya 13 (1960) and in Iz istorii nauki i tekhniki v 
stranakh vos$oka 2 (1961). A. I. Volodarsky contributed his 
articles on Srldhara and Mahavrra to Fiziko-matematicheskie 
nauki v stranakh vostoka 1 (1966) and 2 (1969). The first volume 
of the three-volume History of Mathematics from the Earliest 
Times to the Beginning of the 19th Century, edited by A. P. 
Yushkevich (Moscow 1970-1972), contains a special chapter on India 
written by A. I. Volodarsky. 
During the International Congress of Mathematics held in 
Moscow in 1966, A. P. Yushkevich, Chairman of the History of 
Mathematics Section, read his paper "Research on history of 
Mathematics in the Eastern countries in the Middle Ages," which 
summed up the work already done in this field and outlined plans 
for future research on history of science' in the countries of, 
the East, including India; The Institute of the History of 
Science and Technology, USSR Academy of Sciences is preparing a 
four-volume Encyclopaedia of History of Science, which will 
include information on the history of Indian science. 
The book under consideration has been prepared by a group of 
writers and edited by D. M. Bose (chief editor), S. N. Sen, and 
B. V. Subbarayappa under the auspices of the National Commission 
for the Compilation of the History of Science in India. The 
book consists of 11 chapters: a survey of source materials, 
astronomy, mathematics, medicine, chemical practices and alchemy, 
agriculture, botany, zoology, the physical world: views and con- 
cepts, Western science in India up to the end of the nineteenth 
century, r8sum6. 
The major importance of this extensive and substantial book 
is that it contains abundant evidence for tracing the development 
of all the natural sciences in India from the earliest times to 
the modern period. This is the first work in the historico- 
scientific literature to be published dealing with the develop- 
ment of natural science and covering such a long span of time. 
We shall analyse in greater detail the chapters directly con- 
cerned with our subjects, namely the sections on mathematics and 
astronomy. These two sections as well as the chapter concerning 
the survey of source materials have been written by S. N. Sen 
(Indian Association for the Cultivation of Science, Calcutta). 
This is quite in the order of things, as the majority of Indian 
mathematicians are also known to have been astronomers. Informa- 
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tion on the still earlier knowledge of mathematics can be found 
only in the literature on philosophy, religion and law or by 
archeological excavations. 
The earliest evidence of mathematical knowledge the Indians 
possessed can be dated back to the epoch of Indus civilization 
(the third millenium B.C.). A surviving fragment of an Indus 
scale suggests a numeration based on the decimal system. Various 
weights provide some information on the metrology of the time. 
The vertical strokes that have survived to the present allow 
reconstruction of the early forms of figures. The book, however, 
does not contain all the information available on this period; 
for instance, the information on geometry is not adequate. One 
of the units of linear measures was 5.7 cm which is repeatedly 
found in descriptions of taking measurements of bricks used for 
construction purposes. All the bricks are parallelepipeds whose 
strictly proportional sides show a ratio of 1:2:4 or 1:3:9. The 
geometrical conceptions of ancient Indians can be judged from 
various metallic adornments in the shape of cones or hemispheres 
from excavations. Among the surviving utensils there is a 
cylindrical vessel, and two amulet seals are also cylindrical in 
shape. 
The information on more recent Indian mathematics is associa- 
ted with the Vedic epoch (the second and first millenia B.C.). 
There were not special works on mathematics or astronomy during 
that period, but the Vedic literature, the SamhiGs, the 
BrBhmanas, and the Vedangas contaiz much evidence of scientific 
knowledge, the sections entitled “Sulba-sutras” (collected rules 
for taking measurements with a piece of rope) being of greatest 
interest. 
During the Vedic epoch the Indians had a rather extensive 
knowledge of mathematics: a developed system for designating 
numbers, knowledge of summations of some kinds of arithmetical 
and geometrical series, basic arithmetic operations with the 
whole and fractional numbers, transformations of plane figures, 
reliable methods for finding areas and volumes, some methods 
for solution of linear and square equations of the first and 
second degrees, elements of combinatorial analysis, and concepts 
of irrational values. 
The next state in development of mathematics brought to the 
fore the names of Aryabhata I (fifth century A.D.), Brahmagupta 
(sixth century), BhHskara I (sixth-seventh centuries), Mahavira 
(ninth century), Sridhara (ninth-tenth centuries), Araybhata II 
(tenth century), Sripati (tenth-eleventh centuries), BhZskara II 
(twelfth century), and NBrgyana (fourteenth century). 
The most significant contribution to world science was made 
by the establishment of decimal place-value numeration. Though 
there is an abundant literature on the time and place of origin 
of this numeration, and the components which led to its creation, 
these problems are still open to debate. The majority of 
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researchers believe that the creation of the decimal place-value 
numeration had been completed by the sixth to seventh centuries 
A.D. They proceed from such clues as the shape of figures, the 
first application of zero, the earliest record of the figures in 
this numeration, and the evidence of contemporaries. All these 
must undoubtedly be taken into consideration, but they indicate 
only the latest time, namely that this numeration has been in 
existence since no later than the sixth to seventh centuries. 
The earliest date for this numeration can be that of the rules 
for performing arithmetic operations according to it. Since the 
earliest arithmetic rules known to us were described by Aryahata 
I, introduction of the decimal place-value numeration can be 
dated back to the fifth century. If we happen to encounter some 
still earlier mathematical treatises dealing with the rules for 
arithmetic operations in’our system, we shall be able to date 
more accurately the time when this numeration was created. 
Many authors studying the history of mathematics still main- 
tain that Indian scholars did little original research following 
the twelfth century, and their more recent works are nothing more 
than explanatory comments on the earlier treatises. One can 
hardly subscribe to such statements because the mathematics of 
India never stopped developing even after Bhaskara II. This can 
be proved by successful development of the theory of numbers and 
indeterminate analysis (the scientific results obtained by Nila- 
kantha in the fifteenth and sixteenth centuries and by other 
South Indian scholars were later rediscovered by most prominent 
European mathematicians); expressions of infinite power series 
for 71 and the sine, cosine and tangent; and further development 
of computation mathematics (e.g. Sawai Jai Sing who lived in the 
seventeenth to eighteenth centuries supervised the compilation 
of astronomic tables whose accuracy exceeded those of Europe). 
There exists a field of science that receives much too little 
attention on the part of historians studying medieval mathematics, 
namely the science of mathematical logic. The idea of construct- 
ing mathematical logic was suggested by Leibniz, and Boole 
started to develop it systematically in 1847. This is why the 
medieval period of development of this science i’slttreated as 
anticipation or pre-history of mathematical logic. As a whole 
the level of Indian logic prior to the eighteenth century was 
not lower than that of Europe, rising above Aristotelian logic in 
some respects since it was not bound, as was Aristotelian logic, 
by a number of dogmas, such as the “doctrine” on the subject being 
present in each and every sentence. Radhunatha Siromani already 
displayed in his works the rudiments of present logic. He was 
aware of the laws which came to be known as De Morgan’s laws in 
the nineteenth century. In a sense he anticipated the founding 
of number according to Frege and Russell. He made extensive use 
of symbolic designations in logic, though these usually were of 
an operative nature applied by him to simplify intricately worded 
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structures. The Indians anticipated probability logic. According 
to Jaina logic, each empirical statement has the probability of 
less than unity. 
All this goes to prove that India’s mathematical thought of 
the second millennium A.D. was no less intensive than it was in 
the previous epoch, although it followed somewhat different 
trends. 
The book under review is supplied with a detailed list of 
references whose only shortcoming is that it does not include 
the works of Soviet authors: Dating is one of the difficulties 
encountered by the historians of Indian science. The most recent 
studies have yielded more accurate dates of lives of some 
scholars. Tl~us K. S. Shukla, a historian of Indian science, 
proved that Sridhara lived at the turn of the ninth century though 
in the book under review he is dated at 991. 
This attempt to present the development of all of natural 
science under one cover undoubtedly deserves a warm welcome, but 
the presentation is of necessity somewhat fragmentary. We 
be,lieve that the authors should have extended the sections dealing 
with Indus civilization and with the ties between India and 
other seats of science. As a whole the book is of great interest 
for the historians of science who will, no doubt, proceed from 
it in their work. 
In my talk with B. V. Subbarayappa, one of the authors and 
editors of this work, I learned that the book is a kind of a 
draft sketch. At the moment the team of authors are concentrating 
on extending and supplementing the material already published to 
make each chapter a book in itself. Let us wish them every 
success in their efforts to complete as soon as possible the 
entire series of books on science in India. 
DEVELOPMENT OF MATHEMATICAL LOGIC. By R. L. Goodstein. London 
(Logos Press), 1971. 157 p. 
REVIEWED BY ALASDAIR VRQVHART 
ERINDALE COLLEGE, UNIVERSITY OF TORONTO 
In spite of its title, this book is not a history of logic: 
but a textbook with occasional historical notes. It would be 
suitable for a first course in mathematical logic, since it 
covers the material usually presented in introductory courses: 
basic proof theory and semantics of sentence and predicate logic, 
elementary recursion theory and the incompleteness theorems. 
There is also a chapter on axiomatic set theory, though it is 
very short and gives little more than some lists of axioms. As 
a text, the book is quite successful in presenting a fairly 
large amount of material in a short compass, but it does not 
